Acute lung injury (ALI) is a severe inflammatory condition whose pathogenesis is irrevocably linked to neutrophil emigration to the lung. Activation and recruitment of neutrophils to the lung is mostly attributable to local production of the chemokines. However, much of our understanding of neutrophil recruitment to the lung is based on studies focusing on early time points after initiation of injury. In this study, we sought to evaluate the extended temporal relationship between neutrophil chemotactic factor expression and influx of neutrophils into the lung after intratracheal administration of either LPS or bleomycin. In both models, results demonstrated two phases of neutrophil chemotactic factor expression; first, an early phase characterized by high levels of CXCL1/keratinocyte-derived chemokine, CXCL2/monocyte-inhibitory protein-2, and CXCL5/LPS-induced chemokine expression, and second, a late phase distinguished by increases in extracellular ATP. Furthermore, we show that strategies aimed at either enhancing ATP catabolism (ip ecto-5=-nucleotidase administration) or inhibiting glycolytic ATP production (ip 2-deoxy-D-glucose treatment) reduce extracellular ATP accumulation, limit vascular leakage, and effectively block the late, but not the early, stages of neutrophil recruitment to the lung after LPS instillation. In conclusion, this study illustrates that neutrophil recruitment to the lung is mediated by the time-dependent expression of chemotactic factors and suggests that novel strategies, which reduce extracellular ATP accumulation, may attenuate late neutrophil recruitment and limit lung injury during ALI. extracellular ATP; acute lung injury; chemokines; neutrophil; acute respiratory distress syndrome ACUTE LUNG INJURY (ALI) is an inflammatory condition whose pathogenesis is linked to the recruitment of neutrophils (19). Neutrophils are the first line of defense against acute challenges; however, these cells are equipped with an arsenal of materials, which, when released, can have deleterious effects on lung function (22, 33) . Understanding the mechanisms leading to neutrophil recruitment is important for developing strategies that facilitate their entry when needed but restrict further influx when infiltration is no longer necessary.
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Neutrophils possess several unique properties that help to minimize their destructive potential. First, neutrophils typically enter organs only when specific chemotactic factors are expressed (3, 36) , and second, neutrophils have extremely short half-lives (ϳ3 h in lung) (7, 13) , which help to minimize their time within tissues. These properties imply that sustained recruitment requires ongoing production of chemotactic factors (2) . In mice, the major chemotactic factors contributing to neutrophil recruitment to the lung are thought to be the chemokines keratinocyte-derived chemokine (KC), monocyte-inhibitory protein-2 (MIP-2), and CXCL5 (30, 38, 39) . The importance of these chemokines in neutrophil trafficking has been documented extensively in murine studies. However, one important limitation is that most of these studies focused exclusively on early time points after injury, and it is well recognized that chemokine expression is short-lived (1, 4, 9) .
Emerging evidence now indicates that neutrophil chemotaxis is also mediated by factors other than chemokines (37) . In particular, extracellular ATP (eATP) has been shown to play an important role in neutrophil mobilization (5, 17) . eATP is released from cells in response to stress and is believed to serve as a danger signal that recruits inflammatory cells to the site of injury (11, 28) . Furthermore, extracellular ATP, when released from neutrophils, helps to autoregulate both speed and direction of mobilization (5, 27, 28) .
In this study, we sought to evaluate the extended temporal relationship between chemotactic factor expression and neutrophil trafficking to the lung. Using LPS-and bleomycininduced acute lung injury models, we found that expression of the chemokines KC, MIP-2, and CXCL5 was largely restricted to early time points after injury and that eATP peaked later, when neutrophils were maximally recruited to the lung. Furthermore, we showed that, by inhibiting ATP accumulation, we can effectively block the late, but not the early, stages of neutrophil recruitment to the lung after LPS administration. Taken together, our findings indicate that neutrophil recruitment to the lung is regulated by complex mechanisms that involve expression of early (e.g., KC, MIP-2) and late (eATP) chemotactic factors.
MATERIALS AND METHODS
Mice. Male C57BL/6 mice at 6 -8 wk old were purchased from the Jackson Laboratory (Bar Harbor, ME). All mice were housed in the pathogen-free animal facilities of Thomas Jefferson University, Philadelphia, PA. Before studies were performed, animal protocols were reviewed and approved by the Institutional Animal Care and Use Committee of the Thomas Jefferson University at Philadelphia, PA.
Materials. Lipopolysaccharide from Escherichia coli 0111:B4 (LPS), ecto-5=-nucelotidase, 2-deoxy-D-glucose (2-DG), ATP, and formyl-methionyl-leucyl-phenylalanine (FMLP) were purchased from Sigma-Aldrich (St. Louis, MO), whereas bleomycin sulfate was acquired from Enzo Life Sciences (Farmingdale, NY). Anti-CD39 and anti-CD73 antibodies were purchased from Abcam (Cambridge, MA) and Cell Signaling Technologies (Boston, MA), respectively.
Murine model of ALI. ALI was induced by administering a onetime intratracheal instillation of either LPS (100 g) or bleomycin (0.075 U). Delivery of LPS and bleomycin was performed using the tongue-pull maneuver in isoflurane-anesthetized mice as described previously (15) . In addition, some mice receiving LPS were treated twice daily by intraperitoneal injection with either 2-DG or ecto-5=-ecnucleotidase at select time points after injury. For 2-DG studies, treatment was initiated immediately after LPS administration, and injections were performed every day until experimental endpoint. For ecto-5=-ecnucleotidase studies, treatment was initiated 24 h after LPS administration and continued until experimental endpoint.
Analysis of BAL fluid. Bronchoalveolar lavage (BAL) was performed by cannulating the trachea with a blunt 22-gauge needle and lavaging both lungs with 1 ml of sterile PBS solution. Total cell counts were measured in BAL fluid using a TC20 automated cell counter (Bio-Rad Laboratories, Hercules, CA). The BAL fluid was centrifuged, and the supernatant was stored for further analysis. Differential cell counts were determined on resuspended cells after cytocentrifugation onto glass slides and staining with HEMA 3 (Fisher Scientific, Tustin, CA). BAL protein concentration was measured by Pierce BCA assay kit (Thermo Scientific, Rockford, IL) as previously described (15) .
Immunohistochemistry. Immunostaining was performed on paraffin lung sections after antigen retrieval using Retrievagen A (Target Retrieval Solution; Dako, Carpenteria, CA) at 100°C for 20 min and quenching endogenous peroxidases with 3% H 2O2. Sections were subsequently blocked with 2% BSA in PBS followed by staining with primary anti-Gr-1 Ab (R&D Systems, Minneapolis, MN) overnight at 4°C. After slides were washed, secondary antibody was applied, and then sections were exposed to Vectastain ABC (Vector Laboratories, Burlingame, CA) followed by 3,39-diaminobenzidine (Vector Laboratories).
ELISA. KC, MIP-2, and CXCL5 were quantified using commercially available DuoSet ELISA development kits (R&D Systems) according to the manufacturer's instructions. Briefly, Nalgene Nunc Maxisorp plates were coated overnight with antibodies to KC (2 g/ml), MIP-2 (2 g/ml), or CXCL5 (4 g/ml). The following morning, plates were washed, and blocking was performed with 2% BSA for 1 h. Several dilutions of samples were added to the wells. Samples were incubated for 2 h, followed by washing and incubation with biotinylated secondary antibody (1:200 dilution in diluent buffer) for 1 h. This step was followed by addition of streptavidin-horseradish peroxidase conjugate for 20 min and incubation with substrate solution (1:1 volume of substrate A and B). The reaction was subsequently halted with stop solution, and plates were read at 450 nm (Biotek Instrument, Winooski, VT).
MPO assay. Myeloperoxidase (MPO) assay (BioVision, Mountain View, CA) was performed according to manufacturer's protocol. Briefly, 50 g of lung was homogenized in 200 l of MPO assay buffer and centrifuged at 4°C for 5 min at 14,000 revolution/min. MPO activity was determined in 10 l of sample by measuring activity over a 30-to 120-min period. All samples were measured at 450 nm using a colorimetric microplate reader. Neutrophil isolation. Mature neutrophils were isolated from the femur of mice as previously described (35) . The marrow was flushed with Hank's buffered saline, and the suspension was layered on top of a Percoll gradient (72, 64, and 52%) and centrifuged at 750 g for 25 min. Neutrophils were recovered by aspiration, and Wright-Giemsastaining of cytospun samples demonstrated that Ͼ95% of cells were morphologically consistent with neutrophils. Typical yields were ϳ6 -8 ϫ 10 6 neutrophils/mouse, of which Ͼ96% were viable. Measurement of eATP. eATP was measured in BAL fluid using a commercially available colorimetric kit (BioVision) according to the manufacturer's instructions. All samples were placed immediately on ice after collection; ice-cold BAL fluid samples were centrifuged at 4°C, and eATP measurements were performed on the same day.
ATP chemotaxis assay. Neutrophil chemotaxis assays were performed using a 96-well microchemotaxis plate (NeuroProbe, Gaithersburg, MD) in which the chambers were separated by 5 M pore-size polyvinylpyrrolidone-free polycarbonate membranes (10) . Briefly, chemoattractants (FMLP 0.5, 1, 10, and 100 nM; and ATP 0.5, 1, 5, and 10 M) diluted in RPMI 1640 medium containing 0.01% BSA were placed in the bottom chamber, while 45 l of neutrophil suspension (10 6 cells/ml) was pipetted onto the upper membrane. RPMI 1640 alone was used as negative control. Chambers were placed into the incubator for 45 min at 37°C and 5% CO2. Subsequently, filters were removed carefully, fixed with 70% ethanol, and stained with hematoxylin. The number of neutrophils that migrated to the lower side of the filter was counted in three random fields using a ϫ40 objective. Experiments were performed in triplicate for each variable and the means determined. The results are expressed as the number of neutrophils/field and are representative of three different experiments. In vivo chemotactic assays were performed by instilling 100 l of 50 or 100 mM of ATP intratracheally and measuring BAL and lung neutrophil cell counts at select time points after instillation.
Real-time quantitative RT-PCR.
Gene transcript levels were quantified by real-time PCR. Total RNA was isolated using RNeasy Mini-Kit (Qiagen, Valencia, CA), according to the manufacturer's instructions, and quantified with the Nano-Drop spectrophotometer. One microgram of RNA was used to make cDNA using the GoScript Reverse Transcription System (Promega, Madison, WI). The primer sets for the PCR reaction contained 1 M forward primer and 1 M reverse primer with SYBR Green I GoTaq qPCR Master Mix (Promega). The primers sequences (forward primer, reverse primer) used were: KC primers forward, GCGAATTCACCATGATCCCAGC-CACCCG: reverse, GCTCTAGATTACTTGGGGACACCTTTTAG; MIP-2 primers forward, CAGAATTCACTTCAGCCTAGCGCCAT: reverse, GCTCTAGAGTCAGTTAGCCTTGCCTTTG; CXCL5 primers forward CTCAGTCATAGCCGCAACCGAGC: reverse, CGCTTCTTTC-CACTGCGAGTGC; CD39 primers forward, TACCACCCCATCTGGT-CATT: reverse, GGACGTTTTGTT TGGTTGGT; CD73 primers forward, CAAATCCCACACAACCACTG: reverse, TGCTCACTTGGTCACAG-GAC, respectively. The primer set was amplified using cycles of 94°C for 1 min, 58°C for 0.5 min, 72°C for 1 min. Murine hypoxanthine phosphoribosyltransferase (HPRT)-1 forward primer, GTTGGATA-CAGGCCAGACTTTGT and reverse primer, CACAGGACTAGAA-CACCTGC were used to control for the starting template. Q-PCR analyses were performed by using the iCycler thermocycler (Bio-Rad Laboratories), and values were determined using iCycler iQ RealTime Detection System software (version 3.0a; Bio-Rad) and normalized to HPRT-1.
Western blot analysis. Lung tissues were homogenized in ice-cold lysis buffer (PBS, 0.5% Triton X-100, pH 7.4) containing protease inhibitor (Roche Complete mini) and phosphatase inhibitor. After centrifugation (14,000 g, 30 min, 4°C), the supernatant was collected, and protein concentration was determined by Pierce BCA assay kit (Thermo Scientific). Protein samples (10 g) were solubilized in 4ϫ Laemmli sample buffer, heated at 65°C for 10 min, centrifuged at E: neutrophil infiltration in the lung quantified by immunohistochemical staining for the granulocyte marker Gr-1. Gr-1 ϩ cells (brown stain) peaked at 3 days after intratracheal LPS administration and declined thereafter. Morphometric analysis was performed on BSL, 24 h, and 3 days. Data are expressed as means Ϯ SE of n ϭ 6 animals in each group, *P Ͻ 0.05, **P Ͻ 0.01, and ***P Ͻ 0.001.
3,000 g for 1 min, loaded on a 10% Tris·HCl-SDS-polyacrylamide gel, and run for 1 h at 120 V. Protein was transferred to a nitrocellulose membrane (Bio-Rad) and then blocked with Odyssey Blocking Buffer (Li-Cor Biosciences, Lincoln, NE) for 1 h at room temperature. After being blocked, the membrane was incubated overnight at 4°C with a specific polyclonal rabbit primary antibody to CD39 (Abcam) and CD73 (Cell Signaling, Danvers, MA) at a dilution of 1:1,000 in blocking buffer with 0.1% Tween-20 followed by incubation with donkey anti-rabbit secondary antibody (Li-Cor Biosciences) at a dilution of 1:1,000 in blocking buffer. After three washings with PBS, all immunoblots were visualized using the Odyssey infrared imaging system (Li-Cor Biosciences).
Statistical analysis. Statistics were performed using GraphPad Prism 5.0 software. Comparisons between groups were performed using a one-way ANOVA, followed by Tukey's post hoc analysis. Statistical significance was achieved when P Ͻ 0.05 at 95% confidence interval.
RESULTS

Neutrophil infiltration into lung persists after declines in neutrophil chemokine expression.
To better understand chemokine kinetics, we evaluated transcript and protein levels for KC, MIP-2, and CXCL5 at various time points after injury. Transcript levels were rapidly induced after LPS administration, peaking within 4 h of LPS delivery to the lung (Fig. 1) . Moreover, chemokine protein concentrations declined within 24 h of LPS administration, and levels were undetectable or barely detectable in BAL fluid and lung at 3 days (Fig. 1) . Together, these findings illustrate the transient nature of neutrophil chemokine expression in the lung after LPS injury.
To evaluate whether neutrophil recruitment was dependent on expression of these chemokines, neutrophil influx was examined at select time points after injury. As shown in Fig. 2 neutrophils increased markedly in BAL fluid within 4 h of LPS administration, and this correlated with the peak in KC and MIP-2 concentration (Fig. 1) in the lung. However, neutrophils further accumulated even after chemokine levels for KC, MIP-2, and CXCL5 had significantly declined in the lung. In fact, neutrophils did not peak until day 3 after LPS, a time point when all three chemokines were only marginally increased in the lung. BAL fluid protein concentration, a surrogate for lung injury, also peaked on day 3, providing additional evidence linking neutrophil infiltration to the development of ALI (Fig. 2) . Levels of eATP peak in BAL fluid on day 3 after intratracheal LPS instillation. eATP is now identified as an important neutrophil chemotactic factor. To confirm the ability of eATP to promote neutrophil migration, we performed in vitro chemotaxis studies across a semipermeable membrane. As previously reported, eATP was found to be a potent inducer of neutrophil chemotaxis, as we detected a dose-dependent increase in neutrophil migration in our in vitro assay. Moreover, these findings were corroborated by showing a dose-dependent increase in neutrophil chemotaxis to the lung after intratracheal ATP administration (Fig. 3) .
Because we found discordance between chemokine expression and late neutrophil recruitment to the lung, we sought to evaluate the temporal relationship between eATP and neutrophils in the lung after LPS administration. Results demonstrated that eATP was only marginally increased in the lung at early time points after LPS instillation (Fig. 4A) , whereas levels of eATP increased significantly by day 3 when neutrophils were maximally recruited into the lung (Fig. 4B) , and chemokine levels were significantly reduced. Increases in eATP on day 3 were associated with decreased transcript levels for ecto-apyrase (CD39) and decreased transcript and protein levels for ecto-5=-nucelotidase (CD73) (Fig. 4, C and D) . These latter findings suggest that impaired ATP catabolism may contribute to its accumulation after LPS injury on day 3.
Neutrophil chemokine production and extracellular ATP accumulation follows a similar biphasic pattern after intratracheal bleomycin instillation. To evaluate whether findings after LPS were generalizable to other lung injury models, we examined the temporal relationship of neutrophil chemotactic factor expression to neutrophil influx in the lung after a one-time intratracheal instillation of bleomycin. Similar to findings observed with LPS, we identified a biphasic pattern of chemotactic factor expression after bleomycin injury. As shown in Fig. 5 , transcript and protein levels for the chemokines KC, MIP-2, and CXCL5 peaked early after injury and declined within 24 h of bleomycin instillation. Importantly, this decline in chemokine concentrations occurred while neutrophils were continuing to accumulate in the lung (Fig. 6) . Moreover, chemokine levels were undetectable at day 7 after bleomycin injury when neutrophils were maximally recruited to the lung and eATP concentration was markedly increased. Collectively, these findings strongly support the concept that neutrophil influx to the lung after injury is regulated by different early (e.g., chemokines) and late (e.g., eATP) chemotactic factors.
Treatment with exogenous ecto-5=-nucleotidase (CD73) decreases the late phase of neutrophil recruitment into lung after LPS.
Because levels of ATP ecto-nucleotidases were decreased in the lung after LPS injury, we tested whether enzyme replacement therapy could reduce neutrophil recruitment to the lung at late time points. The soluble ecto-5=-nucelotidase was administered by intraperitoneal injection twice daily beginning at 24 h after LPS injection. The decision to initiate therapy at this time point was based on the observation that levels of these ecto-apyrase (CD39) and ecto-5=-nucleotidase (CD73). Transcript levels for ectoapyrase were decreased on day 3, and transcript and protein levels of ecto-5=-nucleotidase were both diminished on day 3 after LPS instillation. Transcript and protein expression for these enzymes were not significantly different from control at earlier time points after LPS. B: summary figure showing the kinetics of chemotactic factor expression after intratracheal LPS administration. Data are expressed as means Ϯ SE of n ϭ 6 animals in each group, *P Ͻ 0.05, **P Ͻ 0.01, and ***P Ͻ 0.001 vs. control mice within group.
enzymes were unchanged at 24 h (data not shown). As expected, results demonstrated that treatment with ecto-5=-nucleotidase effectively decreased eATP accumulation in BAL fluid at day 3 (Fig. 7A) . This was associated with reductions in neutrophil influx (Fig. 7C ), MPO activity (Fig. 7D) , and vascular leakage (Fig. 7E) . Together, these findings indicate that enhancing ATP catabolism can attenuate injury and block late neutrophil recruitment to the lung during ALI. Blocking ATP production with 2-DG attenuates the late phase of neutrophil infiltration to the lung after LPS. Finally, to support the concept that eATP plays a pathogenic role in late stages of ALI, we administered 2-DG, a therapeutic inhibitor of ATP synthesis, to mice beginning immediately after LPS instillation. 2-DG did not significantly alter eATP, MPO activity, neutrophil influx, or BAL fluid protein concentration at 24 h (Fig. 8) . However, significant decreases in each of these parameters were observed on day 3 after LPS administration (Fig. 8) . Importantly, treatment with 2-DG did not significantly alter levels of KC, MIP-2, and CXCL5 in the lung after injury, indicating that its protective effects were independent of blocking the first wave of neutrophil chemotactic factor expression in the lung (data not shown). Together, these findings validate that eATP plays a pathogenic role in ALI and strongly suggest that therapeutic approaches that limit eATP accumulation will decrease neutrophil emigration and may attenuate the late manifestations of this condition.
DISCUSSION
To date, the study of neutrophil trafficking to the murine lung has largely focused on the role of chemokines KC, MIP-2, and CXCL5 (2, 14, 23, 31) . Their importance in neutrophil mobilization is well documented, but the predominant focus on early time points after injury has provided little insight into the mechanisms involved in sustained mobilization of cells to the lung (8, 10) .
In this study, we examined the temporal relationship between neutrophil influx and chemotactic factor expression. Our findings confirmed previous reports demonstrating the transient nature of chemokine expression in the lung (12, 16, 31) . For example, we found that chemokines KC and MIP-2 were rapidly induced, peaking within 4 h of LPS and bleomycin administration. This rapid, but coordinated, response likely illustrates functional redundancy in the system and probably is important for ensuring early mobilization to the site of injury (26, 32) . Interestingly, CXCL5 expression was also rapidly , and CXCL5 (E and F) at 0 h, 4 h, 24 h, and 3 and 7 days after intratracheal bleomycin instillation. Transcript and protein levels peaked at 4 h for KC and MIP and at 24 h for CXCL5. Protein expression for all 3 chemokines was minimally detectable 3 days after intratracheal bleomycin administration. Data are expressed as means Ϯ SE of n ϭ 6 animals in each group, *P Ͻ 0.05, **P Ͻ 0.01, and ***P Ͻ 0.001. induced but peaked at slightly later time points than KC and MIP-2. We speculate that delays in CXCL5 expression are necessary for providing a second wave of chemotactic signals that further sustains neutrophil mobilization to the lung (20) . Because of the transient nature of chemokine expression, we also focused our attention on eATP. The role for eATP in neutrophil mobilization has been illustrated in virtually all tissues including the lung, but its relationship and relative importance to chemokines have not been closely investigated (6, 18) . In this study, we found that eATP only modestly increases at early time points, whereas eATP levels peaked in BAL fluid at 3 days after LPS and at 7 days after bleomycin. Interestingly, this peak corresponds to the point when neutrophils are maximally recruited to the lung in these models. Furthermore, we showed that, by either enhancing ATP catabolism or by blocking ATP production, we could block neutrophil mobilization and limit vascular leakage at late time points after LPS administration. Together, our findings illustrate the importance of eATP and help to explain the mechanisms mediating sustained mobilization of neutrophils to the lung.
One other finding from our study that requires further discussion is the observation that 2-DG did not significantly inhibit neutrophil influx to the lung at 24 h. This is in contrast to previous reports demonstrating that accumulation of neutrophils was enhanced by LPS at this time point in CD39Ϫ/Ϫ or CD73Ϫ/Ϫ mice (27) . Importantly, we do not believe our findings contradict those from these other studies. In fact, we found that eATP levels were increased, albeit minimally, in the lung as early as 4 h after LPS administration. Moreover, our treatment with 2-DG was partially effective at reducing eATP levels in BAL fluid at 24 h after LPS, suggesting that higher doses may have demonstrated a more meaningful response. However, the marginal increases in eATP as well as the high levels of neutrophil chemokine expression at 4 and 24 h, at the very least, indicate that eATP is not the dominant chemotactic agent mediating early neutrophil influx to the lung. Notably, the cellular source for eATP was not determined in our study. However, it is likely that multiple cell types contributed to its accumulation. Previous studies have demonstrated that both structural (type I pneumocytes, type II pneumocytes) and nonstructural (alveolar macrophages) cells release eATP when injured (5, 21, 28, 34) . However, we anticipate that identifying the specific source of eATP will ultimately be important for developing targeted strategies. Although we postulate that increases in either production or release contribute to eATP accumulation, the observation that levels of ecto-nucleotidases were decreased in the lung on day 3 after LPS administration strongly suggests that impaired catabolism may also contribute to its accumulation (11, 18, 29) .
To date, there are no effective pharmacological strategies for treating patients with established lung injury. However, we showed that intraperitoneal administration of ecto-5=-nucleotidase beginning 24 h after induction of injury was effective in decreasing neutrophil influx and attenuating vascular leakage after LPS. These findings suggest a possible role for ecto-5=-nucleotidase in treating patients with already established lung injury. Importantly, it is also possible that treatment with ecto-5=-nucleotidase may exacerbate lung injury, as the metabolism of eATP to adenosine has been shown to augment the speed of neutrophil chemotaxis into tissue. Based on this understanding, we postulate whether the mode of ecto-5=-nucleotidase delivery might be important in treating patients with ALI, as one could imagine that intratracheal rather than systemic delivery of this enzyme could enhance neutrophil migration to the alveolar space. This hypothesis will need to be tested in future preclinical studies.
Finally, we also believe that the ability of 2-DG to significantly attenuate neutrophil influx and to minimize vascular leakage at late time points after injury has important therapeutic implications. Currently, there are no effective treatments for patients with established ALI except protective lung ventilation (24, 25) . Our findings suggest that inhibiting the actions of eATP may be effective in reducing injury induced by prolonged inflammatory states. We recognize that 2-DG treatment only partially reduced the late effects of LPS administration; however, we speculate that this may relate to the dose, timing, and the penetration of 2-DG in the lung, and future studies addressing these issues will be important (40) .
In conclusion, this study provides new insight into the complex mechanisms mediating neutrophil recruitment to the murine lung after LPS. Moreover, our findings suggest that therapeutic approaches to modulating neutrophil influx to the lung will require complex interventions that target both early and late chemotactic factor expression.
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